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(57)Abstract: 

PROBLEM TO BE SOLVED: To adjust a gain of a desired channel by 
providing a control electrode sheet of variable potential between a pair of 
sheets constituting a dynode and by disposing a grating only in specific 
active zones. 

SOLUTION: An electron multiplier 1 1 consists of four sets of dynodes Dn- 
1 to Dn+2, which form a pair such as a half-dynode 14 for focusing and a 
half- dynode 15 for multiplication. The half-dynodes each have active 
zones 22, 23, where openings 20 are disposed regularly and a separation 
zone 25 which separates them and has no openings, and two lines of 
multiplication channels A, B are formed of them. Hereupon, a control 
electrode 30 is provided between the half-dynodes 14, 15 and an 
adjustable voltage Va is applied thereto. The control electrode 30 is 
provided with a window part 33 made up of a grating in a position facing the d|f 
active zone 22 and provided with an opening 34 in a position facing the 
active zone 23. When a voltage Va is changed, only the gain of the 
multiplication channel A changes, irrespective of the multiplication channel 
B. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Are a form equipped with two or more electric conduction sheets by which the laminating was carried out in 
parallel, and two contiguity sheets which use the same electrical potential difference as a transfer plug The half dynode 
for focuses and the half dynode for multiplication which constitute together the dynode which shares a different channel 
towards migration of an electron are constituted, respectively. In order to control the gain of the given channel by the 
regular gestalt of puncturing of each sheet in the multi-channel electron multiplier equipped with a number equal to the 
number of channels which was able to open the hole of activity areas, and a separation area without puncturing, Said 
multiplication machine is the gestalt of the sheet located between the sheets of a dynode, and are transparent to altitude 
to an electron. The multi-channel electron multiplier characterized by having the connecting means which is equipped 
with a control electrode with the gestalt of the sheet which has the aperture which the field equipped with the grating 
which meets and is located in the activity area of said given channel, and impresses the electrical potential difference 
which can further adjust the control electrode concerned. 

[Claim 2] The multi-channel electron multiplier characterized by always arranging a control electrode between two 
sheets of the dynode which N individual of a multiplication machine follows, and for the aperture of said control 
electrode equipped with one grating meeting each activity area of the channel of N individual further in the electron 
multiplier according to claim 1 whose N is the number of channels, and being located one by one. 
[Claim 3] The multi-channel electron multiplier with which the dynode by which N individual continues in the 
electronic migration direction is characterized by the thing of a multiplication machine for which a mid gear is occupied 
mostly in an electron multiplier according to claim 2. 

[Claim 4] The multi-channel electron multiplier with which it is constituted by the area of the control electrode which 
has puncturing to which the transparent grating met puncturing of the activity area of the half dynode for focuses which 
adjoins it, and said puncturing which met is highly characterized by having a bigger diameter than puncturing of said 
half dynode for focuses to an electron in an electron multiplier according to claim 1 . 

[Claim 5] the multiplier phototube which has the electron, the optical system, and two or more anodes which divide into 
some beams the envelope which has the input aperture which equipped the inside with the optical cathode, and a 
photoelectron — setting — the multiplier phototube concerned — claims 1-4 — the multiplier phototube characterized by 
having the electron multiplier which has the gain which is indicated by either, and which can be adjusted. 
[Claim 6] The envelope consists of a head which has a polygon cross section, and equips the one edge with an input 
aperture. In the multiplier phototube according to claim 5 with which it connects with the base section which has a cross 
section smaller than that of a head by the other end, and the base section has a contact pin at a head and the edge of the 
opposite side The electron and optical system which realizes convergence of the electron emitted by the optical cathode 
on a different multiplication machine channel While having a means by which consist of plates with which a front face 
extends mostly through the cross section of tubing which adjoins the base section and the connection between heads, 
and the plate connects it to an electrical potential difference equal to the electrical potential difference of an optical 
cathode The multiplier phototube characterized by having central puncturing in the 1 st input grating and this flat surface 
of a dynode of the form where it has the divided partition, and holding the part of the remainder of a head at an electrical 
potential difference equal to it of an optical cathode. [ of tubing ] 

[Claim 7] The multiplier phototube characterized by being located in the central outlet where the 1st dynode of tubing 
was equipped with the input dynode of an electron multiplier which has the gain which can be adjusted in the multiplier 
phototube according to claim 6. 

[Claim 8] The multiplier phototube characterized by having an interior partition of a center, connecting electrically [ one 
more strip ] to said plate, being fixed, and the 1st dynode extending [ further ] in a multiplier phototube according to 
claim 7 exceeding run central puncturing straightly from an internal partition in the case of two-channel tubing. 
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[Claim 9] The multiplier phototube characterized by having two interior partitions of a center where the 1st dynode has 
been arranged in the shape of a cross joint, fixing to said plate two strips arranged in the shape of [ two ] a cross joint in 
a multiplier phototube according to claim 7 in the case of four-channel tubing, and extending [ further ] exceeding run 
central puncturing straightly from an internal partition. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is a form equipped with two or more electric conduction sheets by which the 
laminating was carried out in parallel. Two contiguity sheets used as a transfer plug the same electrical potential 
difference towards migration of an electron a different channel (channel) Dynode to share (dynode) Half dynode for 
focuses constituted together (focusing half-dynode) Half dynode for multiplication (multiplying half-dynode) Each is 
constituted. It is related with the multi-channel electron multiplier equipped with a number with each sheet equal to the 
number of channels which was able to open the hole with the regular gestalt of puncturing of activity areas, and a 
separation area without puncturing. 
[0002] 

[Description of the Prior Art] This kind of electron multiplier is well-known in reference USP No. 5,126,629. Since this 
reference is simple for the part which constitutes a multiplication machine, the economical multi-channel multiplier 
phototube is offered. 
[0003] 

[Problem(s) to be Solved by the Invention] As for the output current response of homogeneity with a good 
multiplication channel which is different to a uniform electronic bundle in an input, this is desired in most applicable 
fields. When gamma ray medicine image formation is taken into consideration, the permutation to multi-channel tubing 
of an one-channel multiplier phototube can be faced only after homogeneity of that tubing to these homogeneous 
response and other homogeneous tubing for two or more channels is realized. So, that the multi-channel electron 
multiplier of the above-mentioned class can be realized economically possible [ adjustment of the gain of each channel ] 
quite easily is a technical problem greatly desired. 

[0004] Therefore, especially the purpose of this invention tends to propose the possible electron multiplier of gain 

control as well as the multi-channel multiplier phototube equipped with this electron multiplier. 

[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, a multi-channel electron multiplier 
equipped with a sheet with two or more puncturing which constitutes the dynode which shares a different channel 
concerning this invention the gestalt of the sheet with which said multiplication machine is located between the sheets 
of a dynode in order to control the gain of the given channel ~ it is - and an electron — receiving - altitude - 
transparence (highlytransparent) Grating to which the field is met and located in the activity area of said given channel 
(grating) Aperture which it had (window) It has a control electrode with the gestalt of the sheet which it has. It is 
characterized by having the connecting means which impresses the electrical potential difference which can further 
adjust the control electrode concerned. 

[0006] Since the electric field between [ of two ] sheets which constitute a dynode are relatively weak, a control 
electrode will act quite effective in the gain of the stage to consider, even if the control electrode and the potential 
difference between dynodes are a few (since these sheets are impressed to the same electrical potential difference). It 
has turned out that quite sufficient control range of the electrical potential difference impressed to the control electrode 
will actually be obtained if these electrical potential differences are impressed between [ these ] two dynodes located in 
the both sides of the dynode in which a control electrode is inserted. In fact, only the electrical-potential-difference 
range between electrical potential differences of the contiguity dynode which has the electrical potential difference of 
the dynode by which the gain is controlled, and a lower electrical potential difference can be used. In this electrical- 
potential-difference range, the gains of a stage are reducible to that **** value to 10% of a **** value. 
[0007] The suitable embodiment of this invention whose N is the number of electronic multiplication channels is 
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characterized by always arranging a control electrode between two sheets of the dynode which N individual of a 
multiplication machine follows, and for the aperture of said control electrode equipped with one grating meeting each 
activity area of the channel of N individual ftirther, and being located one by one. 

[0008] The dynode in which the dynode which N individual follows has suitably gain controllable in the case of the 
central location, i.e., the multiplication machine which has four channels and ten dynodes, of a multiplication machine 
occupies the 4th to the 7th location mostly. 

[0009] The aperture of a control electrode is a WAIYA grating (wire grating) which has a big pitch relatively. You may 
have. However, in order to remain in the same technique used for dynodes, a control electrode has suitably puncturing 
which meets and is located in puncturing of the activity area of the half dynode for focuses which adjoins it, and said 
puncturing met and located has a bigger diameter than puncturing of said half dynode. 

[0010] This invention relates to the multiplier phototube characterize by have the electron multiplier which has the gain 
as which the multiplier phototube concerned has so far be specify , and which can be adjust in the multiplier phototube 
which has the electron , the optical system , and two or more anodes which divide into some beams the envelope which 
has the input aperture which equipped the inside with the optical cathode again , and a photoelectron . 
[001 1] According to the suitable embodiment, it consists of a head where the envelope has a polygon cross section. 
Equip the one edge with an input aperture, and it connects with the base section which has a cross section smaller than 
that of a head by the other end. It is the multiplier phototube with which the base section has a contact pin at a head and 
the edge of the opposite side. And the electron and optical system which realizes convergence of the electron emitted by 
the optical cathode on a different multiplication machine channel While having a means by which consist of plates with 
which a front face extends mostly through the cross section of tubing which adjoins the base section and the connection 
between heads, and the plate connects it to an electrical potential difference equal to the electrical potential difference of 
an optical cathode It is the multiplier phototube characterized by having central puncturing in the 1st input grating and 
this flat surface of a dynode of the form where it has the divided partition, and holding the part of the remainder of a 
head at an electrical potential difference equal to it of an optical cathode. [ of tubing ] 
[0012] 

[Embodiment of the Invention] With reference to an accompanying drawing, an example explains the gestalt of 
operation of this invention to a detail below, drawing 1 - the part - four dynodes (dynode) - Dn-1 from ~ Dn+2 The 
part of the electron multiplier 1 1 concerning this invention limited is shown in diagram. The multiplication machine is 
constituted by two or more electric conduction sheets each other arranged in parallel, dynode Dn-1 the migration 
direction of the electron with which it is constituted with two adjacent sheets, and it is shown in an arrow head 10 - the 
half dynode (half-dynode) for focuses -12 and the half dynode (half-dynode) for multiplication ~ 13 - each both -- 
the electrical-potential-difference Vn-1 [ same ] It is transmitted and constituted. The following dynode Vn It is 
electrical-potential-difference Vn-1 of a front dynode similarly. High electrical potential difference Vn It consists of the 
half dynodes 14 for focuses and the half dynodes 15 for multiplication which both transmit. The same thing is electrical- 
potential-difference Vn+1 . Dynode Dn+1 to transmit Dynode Dn+2 formed from the half dynodes 16 and 17 to 
constitute and two half dynodes 18 and 19 It is applied. 

[0013] Each sheet of a half dynode is equipped with the activity areas 22 and 23 which have the regular gestalt of 
puncturing 20, and the separation area 25 which is choked up completely, namely, does not have puncturing. The 
activity area 22 of a different dynode forms the multiplication channel A which aligned at the shaft orientations of an 
electron multiplier 11, and it differs from the channel B formed of the activity area 23 which aligned in other parts of a 
dynode at shaft orientations. Drawing 1 shows the cross section of two channel electron multipliers in the center of a 
dynode. The separation area 25 is a cross talk (crosstalk) between [ of two ] channels constituted by aligning the activity 
areas 22 and 23 of all dynodes. It is made min. The sheet which constitutes a dynode is sharing two multiplication 
machine channels as shown in drawing. 

[0014] The multiplication machine 1 1 is Dynode Dn so that while can control the gain of a channel to the channel of 
another side. It has the control electrode 30 with the gestalt of two sheets 14 to constitute and the sheet located between 
15. This electrode is a grating (grating) which is highly transparent, meets the activity area 22 of two or more dynodes 
of the others [ front face / that ] for channel A, and is located to an electron. Having the aperture 33 which it had, on the 
other hand, this electrode 30 has the puncturing 34 which meets the activity area 23 of two or more dynodes of the 
others for channel B. A control electrode 30 is Dynode Dn. Vn+1 and Vn-1 which were shown [ it received and fixed by 
the insulated approach ] in diagram Electrical potential difference Va in which adjustment of a between is possible It has 
the means (not shown) to which this control electrode is made to impress. A control electrode 30 affects the electric 
field between these sheets which are electric field weak because two sheets 14 and 15 are impressed to the same 
electrical potential difference. The effect is an electrical potential difference Va. A value is followed and it is the 
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following dynode Dn+1 . The number of the electrons in which multiplication is carried out by the possible half dynode 
1 5 of influencing is made to increase, or it is made to reduce. About Channel B, a control electrode 30 is inactive and 
puncturing 34 is Dynode Dn. Since the electric field of the activity area 23 are not corrected at all, the gain of this 
channel is not affected at all. 

[0015] Channel B is dynode Dn+1 although it is similar to a control electrode 30. It is controlled by other control 
electrodes 31 located between two sheets 16 and 17. Here, the aperture 32 of a control electrode is the control voltage 
Vb which has the grating of advanced transparency to the electron which meets the activity area 23 of two or more 
dynodes, and is impressed to this electrode in this way. It is related with Channel B and is dynode Dn+1 . A 
multiplication factor is correctable. The control electrode 31 has the puncturing 36 which meets the activity area 22 of a 
dynode so that Channel A may not be influenced by the control electrode 31 at this order. 

[0016] the example highly shown in drawing 1 by the transparent grating to the electron - control electrodes 30 and 31 - 
- them - adjoining sheets 14 and 16 — it has the puncturing 40 which meets and is located in the puncturing 20 of the 
activity area of the half dynode for focuses constituted by each. These puncturing 40 has the bigger diameter than the 
diameter of the puncturing 20 of a half dynode. The puncturing 40 of a control electrode does not affect the locus of the 
electron oriented with the direction of a multiplication machine half dynode observing the locus of the electron shown 
by 27 and 28 on the other hand, but it can understand it easily that it is because these electrons have acquired high 
kinetic energy relatively. 

[0017] After electronic multiplication, an electron is generated in quite low kinetic energy, and an electronic locus is 
greatly influenced by the electrical-potential-difference difference between dynodes in which a control electrode and 
this electrode are inserted. 

[0018] Although draw ing 1 shows the part of two channel electron multipliers, it is also possible to apply the same 
technique as the multiplication machine which has much more channels, for example, four channels. In this case, four 
control electrodes inserted in four continuing dynodes of a multiplication machine are used, and each of these control 
electrodes can correct one gain of a channel. The dynode suitably equipped with a control electrode is a dynode of a 
multiplication machine mostly arranged in the center, and if it puts in another way, the row of the dynode n which this 
example requires corresponds to the one half of the total of a dynode mostly. 

[0019] Drawin g 2 is Va-Vn impressed to the control electrode located in the dynode between [ of two ] configuration 
sheets. Dynode Dn as a function The example of an actual plot of the gain of a stage is shown. The gain of this stage 
when the control electrode is impressed to the same electrical potential difference as a dynode is shown by the **** 
value as 100% by a diagram. When the control electrode is impressed to -100V to the dynode, gain is not larger than 6% 
of a **** value. Reduction of only the one half of stage gain is obtained by impression of the control electrode of -15V. 
In the applied voltage of the forward direction, since it does not very change quickly between +20 V and +100V by 
decreasing quickly to the electrical potential difference of +10V to a dynode, the obtained empirical curve is not 
convenient and cannot say it as what shows a not much convenient control motion area. 

[0020] Drawing 3 is the top view of some examples of a control electrode. It is the wire grating (wire grating) by which 
drawing 3 A shows the control electrode 45 for two-channel electron multipliers, and this electrode controls the left- 
hand side channel of the multiplication machine with which this electrode is inserted. It is free in the aperture 46 which 
it had, and a right-hand side channel (free). It has the puncturing 47 which does not amend at all to this channel as. 
[0021] Drawing 3 B controls a right-hand side channel by the grating aperture 50, and, on the other hand, is free in a 
left-hand side channel by puncturing 51 (free). Other same control electrodes for electron multipliers to leave are shown. 
Puncturing for electrode immobilization is shown by the reference number 48 by drawing 3 A and 3B. 
[0022] Drawing 3 C shows the example of the control electrode for four-channel electron multipliers. It has the grating 
56 which has transparency highly, and is formed with the gestalt of two or more puncturing like the example of drawing 
1 in this case. Other three channels which are not controlled by this electrode are equipped with three puncturing 57. 
[0023] Drawing 4 is the diagram-sectional view of a two-channel multiplier phototube. It was equipped with the glass 
envelope 60 equipped with polygon cross-section 60a, for example, head 60a which has a rectangle cross section, and it 
is equipped with base section 60c which has the inside equipped with input aperture 60b and the optical cathode 62, and 
a cross section smaller than head 60a. It connects with head 60a in the end section, and base section 60c which generally 
has a circular cross section has the contact pin 64 at other edges. 

[0024] In order to orient them with two parts of tubing which divides into two beams the electron emitted by the optical 
cathode 62, and forms the left-hand side channel A and the right-hand side channel B, an electron and an optical system 
are required of this tubing. 

[0025] This optical system is equipped with a plate 66, the front face of that plate extends mostly through the cross 
section of tubing which adjoins base section 60c and the connection between head 60a, and it can be introduced, even if 
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the diameter of that plate is more slightly [ than the diameter of base section 60c ] small, then head 60a of an envelope 
and the connection between base section 60c are already completed. The 1st formal grating 68 and this formal flat 
surface of a dynode 69 which have an input grating and the divided partition have the central puncturing 67 of a plate 
66, and it is explained to a detail below about this dynode 69. 

[0026] The central strip 70 which extends in a vertical plane with the drawing of drawing 4 was fixed to the plate 66, 
and the strip has extended exceeding the central puncturing 67 of a plate 66. A plate 66 is equipped with a means 
required to connect with an electrical potential difference equal to the electrical potential difference of an optical 
cathode, and the same electrical potential difference is impressed to the strip 70 again. This is effective in dividing an 
electron into two beams for correction of the electric field in head 60a according to nothing and two channels A and B 
of tubing. 

[0027] The outlet 72 of the 1st dynode 69 of tubing is located at the input dynode and this flat surface of an electron 
multiplier 74, and the multiplication machine is equipped with the above control electrodes. Two anodes 75 and 76 
which collect electrons from each of two channels of tubing are arranged at the output of an electron multiplier 74. 
[0028] Although drawing 5 is the perspective view of the same plate 80 as the plate 66 of the drawin g 4 illustration 
tubing, it is for four-channeltubing. For this purpose, the plate 80 has the central puncturing 82 which has on it two 
strips 84 and 86 arranged in the shape of a cross joint. A strip 84 corresponds with the strip 70 of drawing 4 , and, on the 
other hand, the strip 86 is presenting division of the supplement for dividing an electron beam to four paths instead of 
two shown in drawing 4 . 

[0029] Drawing 6 is the perspective view of the formal dynode 90 which has an input grating and the divided partition. 
Although the dynode 90 shown in this drawing corresponds to the dynode 69 of drawing 4 , it is corrected so that a four- 
channel light multiplication machine may be suited. Although the partition of a dynode is opened for clarification of 
drawing, the partition before being stripped meets a broken line 92, and is connected to other parts of a dynode. 
Although the wire grating 93 constitutes the input of two channels A and dynodes 90 for B, another grating 94 
constitutes the input of Channels C and D. A dynode 90 has four partitions combined by the partition arranged in the 
shape of a cross joint, and one partition 96 is arranged in a central plane of worm gear parallel to the field of drawing, 
and other partitions 98 divide in the center and are arranged at right angles to 96. The electronic locus in a dynode 90 is 
shown by 99. The electron by which multiplication was carried out leaves a dynode 90 through the central outlet 100 so 
that it may be oriented with the direction of the input dynode of the multiplication machine which has the dynode in the 
field and this flat surface of an outlet 100. 

[0030] In order to emphasize division of the photoelectron in the both sides of partition 98, the dynode 90 has the 
sloping edge 1 10 which influences distribution of the electric field in a multiplier phototube. The edge of a dynode has 
extended exceeding the puncturing 67 of a plate 66 so that it may be illustrated by drawing 4 . It may be folded at the 
include angle of 45 degrees after the assembly of the dynode equipped with the plate 66, and may be formed from the 
part combined after [ both ] an assembly. 

[0031] The embodiment of this invention explained according to the example above can correct well-known details by 
this contractor, without crossing the range of the indicated claim. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 






[Drawing 4] 
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